Objective: The purpose of the present study was to explore the heritability of psychoanalyst Karen Horney's three core neurotic trends (i.e., compliance, aggression, and detachment) in a twin paradigm to evaluate the validity of her theoretically assumed origins of neuroses. Method: Data were collected from 168 adult participants (M age = 21.54 years; range = 18 -25 years) including 60 monozygotic twin pairs (10 male pairs and 50 female pairs) and 24 dizygotic twin pairs (4 male pairs and 20 female pairs). Participants completed the 57-item Horney-Coolidge Tridimensional Inventory (HCTI). Results: The best fitting model for compliance and detachment included additive genetic and nonshared environmental influences. For aggression, phenotypic variance was completely traced back to shared and nonshared environmental influences. Conclusions: The results are discussed in light of Horney's hypotheses for the genesis of neurotic trends as well as findings from behavioral genetic research.
Introduction
In her interpersonal theory, psychoanalyst Karen Horney (1945 , 1950 postulates that the difference between a children learn from their early interpersonal interactions that they can resolve stressful situations by retreating, they will withdraw from social situations and develop a detached coping style. In her later work, however, Horney (1950) expanded upon the intrapsychic mechanisms underlying the three interpersonal strategies as she supposed the real self to have "intrinsic potentialities" and "particular human potentialities" (p. 17), which Paris (1999) and others (Grigorenko, 2011) have interpreted as the equivalent of genetic predispositions. However, she always maintained her original position that neuroses were created largely by cultural factors in early childhood experiences and that actual neuroses were largely created by pathogenic conditions in the family environment.
This latter assumption, though, contrasts with the empirical evidence derived from quantitative genetic studies showing that almost all complex human traits and behaviors have an underlying genetic predisposition (Johnson, Turkheimer, Gottesman, & Bouchard, 2009; Turkheimer, 2000; Polderman et al., 2015) . If Horney's use of the phrases "intrinsic potentialities" and "particular human potentialities" were meant to imply unambiguously there were some genetically driven behaviors, then her claims of the strong influence of cultural factors are not at odds with current genetic findings about human behavior. Contemporary quantitative genetic methods (e.g., twin and adoption studies) are designed to disentangle the genetic and environmental origins of interindividual differences in human traits in order to explain why particular personality characteristics appear across generations in families. Twin studies can therefore be used to test various predictions about the roots of neurotic trends. It is also important to note that within behavioral genetics, a distinction is made between the shared and the nonshared environment. While the former refers to the environment common to both members of a twin pair and is therefore assumed to contribute to similarity between family members, the latter results from environmental effects that are specific for each individual and therefore contribute to dissimilarity. Thus, with respect to Horney's theory, her understanding of the environment was on a family-by-family basis, that is, she assumed shared environmental influences to be the major cause of neuroses.
As no previous study to date has explored the genetics of Horney's neurotic trends, assumptions about the genetic and environmental origins of interindividual differences in these dimensions can be derived from behavior genetic studies on personality disorders as well as other coping strategies (i.e., cognitive or behavioral responses to stressors). Knowledge about the heritability of the personality trait neuroticism (typically characterized by self-centeredness, irritability, anger, depression, anxiety, worry, hostility, high levels of self-criticism and criticism of others, and feelings of inadequacy and vulnerability; e.g., McCrae & Costa, 1999; Watson, Clark, & Harkness, 1994) can also provide insight into the underlying mechanisms of interindividual differences in core neurotic trends, given their conceptual proximity.
With respect to personality disorders, numerous genetically sensitive studies implicate a high heritability of the complete range of personality disorders as well as their largely overlapping genetic basis (for an overview see Livesley & Jang, 2008; Polderman et al., 2015) . Depending on the methods of ascertainment (e.g., structured interviews, self-reports), the sample used (clinical vs. non-clinical) , and the behavior genetic research design (e.g., twin studies or family studies), heritability estimates for adults are typically in the range of 21% to 60% for Cluster A (paranoid, schizoid, and schizotypal personality disorders), 25% to 77% for Cluster B (antisocial, borderline, histrionic, and narcissistic personality disorders), and 27% to 77% for Cluster C (avoidant, dependent, and obsessive-compulsive personality disorders) (see reviews by Reichborn-Kjennerud, 2010; Torgersen, 2009) . In a study with young twins (between ages 4 and 15 years old) rated by their parents, the heritability estimates were even higher, varying between 81% for schizotypal and dependent personality disorders and 50% for paranoid and passive-aggressive personality disorders (Coolidge, Thede, & Jang, 2001 ). However, independent of the age, the sample characteristics, and the estimation method used, nonshared environmental influences accounted for the remaining variance in personality disorders, whereas shared environmental influences were not significant with the exception of antisocial behavior (Livesley & Jang, 2008) . Contrary to what would have been expected based on Horney's interpersonal theory, the implication that the significance of the environment is nonshared rather than shared, is common in behavior genetic studies. Furthermore, this could also hold for influences that are classically assumed to be shared between children growing up in the same family, such as parental treatment (see Plomin, 2011) . Additionally, the genetic influences underlying personality disorders are additive (each gene contributes independently) rather than nonadditive (combination of genes).
Recent studies have also explored the etiologic contributions of different coping styles, such as problem oriented or emotional oriented responses to stressors. Although they are often considered to be a product of learning and experience (e.g., Heszen-Niejodek, 1997), studies examining the genetic and environmental origins of coping styles concurrently report genetic influences explaining between 30% and 50% of the phenotypic variance (Busjahn, Faulhaber, Freier, & Luft, 1999; Jang, Thordarson, Stein, Cohan, & Taylor, 2007; Kendler, Kessler, Heath, Neale, & Eaves, 1991; Kozak, Strelau, & Miles, 2005) .
Behavioral genetic research has also identified genetic factors for the trait of neuroticism. In their meta-analytic review encompassing results derived from various research designs (i.e., twin studies, adoption studies, and combination designs), Johnson, Vernon and Feiler (2008) reported a broad heritability (i.e., additive and nonadditive genetic variance combined) of 41% for neuroticism, whereas shared environmental influences were found to be negligible.
It should also be noted that the classical twin design is supposed to have a lack of statistical power to detect nonadditive genetic as well as shared environmental influences (Neale, Eaves, & Kendler, 1994; Visscher, Gordon, & Neale, 2008) . However, the lack of small and/or nonsignificant nonadditive or shared environmental effects in the classical twin design does not necessarily imply that they do not exist.
As described previously, behavioral genetic methods are suitable to disentangle the genetic and environmental influences on interindividual differences in complex human traits, such as neurotic trends. In this way it can also be tested whether Horney's (1945 Horney's ( , 1950 ) theoretical assumptions about the major cause of neurotic trends, i.e., not genetically predisposed but rather driven by shared environmental influences, can be supported.
Using a young adult twin sample, the current study attempts to estimate the relative contributions of genetic and environmental factors in interindividual differences in Horney's three neurotic trends, as operationalized by Coolidge (1998) in his HCTI. Based on the results of behavioral genetic studies on personality disorders, coping styles and neuroticism, it is hypothesized that genetic factors should account for much of the observed phenotypic variation in these dimensions, whereas the influence of the environment should mainly be nonshared. The hypothesis will be tested by means of structural equation modeling, which provides a statistical approach to disentangle the sources of variation in human traits.
Method

Participants and Procedures
The present sample was obtained from a larger twin registry at the Institute for Behavioral Genetics (IBG), Boulder, Colorado. From that registry, a sample of young adults were contacted by mail and asked to volunteer for the study pro bono, as the main measure used in the present study typically requires only 15 minutes to complete. Only same-sex twins were included in the sample. Data were collected from 168 adult participants, 60 monozygotic (MZ) twin pairs (10 male pairs and 50 female pairs) and 24 dizygotic (DZ) twin pairs (4 male pairs and 20 female pairs). They ranged in age from 18 years old to 25 years old (M = 21.54; SD = 2.23 years). The twins returned their protocols by mail to a senior staff member at IBG. The procedures, protocol, and informed consent in the present study met the ethical standards of and were approved by the University of Colorado Research Committee in Boulder, Colorado and by the Institutional Review Board of the University of Colorado, Colorado Springs, Colorado.
Zygosity Assessment
Zygosity was determined by a combination of researchers ratings and DNA genotyping. First, the researchers' ratings were made for each twin pair on a 9-item measure of physical similarities and differences (Nichols & Bilbro, 1966) , which has been empirically demonstrated to be sufficiently valid to make determinations of zygosity. Next, DNA cheek swabs were obtained and genotyped at a minimum of 11 informative short tandem repeat polymorphisms (STRPs), using a standard polymerase chain reaction method and ABI 377 genotyping technology. Any twins with discrepancies between the ratings and DNA calls were evaluated by a staff member of the IBG for regenotyping (see Rhea, Gross, Haberstick, & Corley, 2006 , for further information). These zygosity determinations were made prior to the present study.
Measures
The HCTI (Coolidge, 1998; Coolidge et al., 2004; Coolidge et al., 2011 ) is a 57-item self-report inventory, which measures the three interrelationship dimensions of compliance, aggression and detachment, as described in Horney's book, Our Inner Conflicts (Horney, 1945) . Participants answer the items on a 4-point Likert-type scale ranging from 1 (hardly ever) to 4 (nearly always). The three HCTI dimensions are made up of three facets each (determined through principal components analysis; see . The Compliance scale consists of altruism (items related to an altruistic nature, desire to help others, sympathy, and unselfishness), need for relationships (a strong need to be in a relationship and the desire for others), and self-abasement (the subjugation of one's own needs to another). For the Aggression scale, the three facets are malevolence (a malevolent view of others, their motivations, and the world), power (desire to be in command and outsmarting others), and strength (values related to bravery, uninhibited behavior, and toughness). The facets of the Detachment scale are the need for aloneness (preference for being alone and feeling better when alone), avoidance (avoidance and resistance of personal interactions), and self-sufficiency (enjoyment of living independent of family and friends).
The internal scale reliabilities (Cronbach's alpha) obtained on the normative sample (N = 630 purportedly normal adults, 15 to 90 years, 315 men and 315 women; Coolidge, 1998) for the three main scales were Compliance, α = .78, Aggression, α = .83, and Detachment, α = .82. The test-retest reliabilities measured using a 1-week interval were: Compliance, r tt = .92, Aggression, r tt = .92, and Detachment, r tt = .91 (N = 67). The subsequent analyses were based on scale scores of the three dimensions of the HCTI (and not the facets).
Statistical Analyses
Prior to genetic modeling, analysis of variances (ANOVAs) were performed on the three main scales to test for main effects of sex and age, as well as their interaction. The main effect of sex was significant for Compliance (F = 4.57; p < .05) and Detachment (F = 5.76; p < .05). Women scored higher on the Compliance scale, whereas men had higher scores on the Detachment scale. There was also a significant age effect found for the Compliance scale (F = 4.36; p < .01). In order to avoid an overestimation of shared environmental influences (McGue & Bouchard, 1984) and as testing sex and age differences were beyond the power of the present study's sample size, all variables were regressed on sex and age by applying the regression technique described by McGue and Bouchard.
Quantitative Genetic Analyses
The behavioral genetic analyses were based on the general assumptions of the classical twin design (CTD; for a summary of the twin method, see Neale & Maes, 2004; Plomin, DeFries, McClearn, & McGuffin, 2008; Rijsdijk & Sham, 2002) . The CTD allows to separate the observed variance of a phenotype into genetic (additive and nonadditive genetic influences) and environmental (shared and nonshared environmental influences) components. Additive genetic influences (A) encompass all allelic effects within and across genes, while nonadditive genetic influences (D) refer to the effects of alleles (dominance) or loci (epistasis) that interact with other alleles or loci (Plomin et al., 2008) . Shared environmental influences (C) are common to each member of a twin pair and are therefore assumed to contribute to similarity between family members. Nonshared environmental influences (E) result from environmental effects that are specific for each individual and therefore contribute to dissimilarity.
Within the CTD (see Figure 1) , the different degree of genetic relatedness between MZ twin pairs (who are F. L. Coolidge et al. 2018 genetically identical), and DZ twin pairs (who share, on average, 50% of their segregating genes), is used to estimate the contribution of genetic and environmental factors to interindividual differences in the trait being investigated. Therefore, the A and D correlation is 1.00 for MZ pairs, whereas for DZ pairs, the A correlation equals .50 and the D correlation equals .25. C influences are assumed to contribute equally to the resemblance in MZ and DZ pairs, so shared environmental correlation equals 1.00 for both zygosity groups. Because C and D are confounded in the CTD, they cannot be estimated simultaneously (Ozaki, Toyoda, Iwama, Kubo, & Ando, 2001) . Finally, there is no correlation for E by definition for both groups. The E component is modeled as residual variance. This parameter also includes variance that is attributable to random error of measurement (Neale & Maes, 2004) . A first indication of the relative impact of genetic and environmental influences, as well as whether C or D are expected in a particular model, can be obtained by inspecting the twin similarities, which are typically calculated as intraclass correlations (ICC; Shrout & Fleiss, 1979) . The ICC is thought to be the more appropriate measure of twin similarity compared to Pearson's r because it partitions the total variance into within pair and between pair components (Neale & Maes, 2004) . Higher MZ than DZ trait correlations are, in general, an indicator of genetic influences on the trait under study, because of the larger genetic similarity of MZ twins. If MZ correlations are more than twice the size of the DZ correlation, A influences are implied and variance is expected. C influences are supposed to be of relevance, if MZ and DZ twins show a high and comparable similarity since these influences act on MZs and DZs in the same way, resulting in an increased similarity of both siblings. Because MZ twins are genetically identical (including A and D influences), less than perfect MZ twin correlations (r MZ < 1) suggest E influences.
Structural equation modeling on raw data (corrected for the linear effect of age and sex) was applied to estimate the relative contributions of genetic and environmental influences on the HCTI scales, using the Mx Software package (Neale, Boker, Xie, & Maes, 2003) . Due to the limited sample size, nested models (AE, CE, DE, or E model) were not tested, because it is more likely to accept the false model based on the criterion of parsimony when effects of sampling are large (Sullivan & Eaves, 2002) . Sullivan and Eaves (2002) also stated that the exclusion of A, C (D), or E may result in biased estimates of the remaining factors, even if the removed factor was not significant. Therefore, we solely concentrated on the full (ACE and ADE) models. As a first step of genetic model fitting analyses, the assumptions of mean and variance homogeneity within pairs and across zygosity groups have been tested in saturated models for each HCTI scale. The overall goodness of fit index of the full models (ACE or ADE) was calculated as the two times log-likelihood (-2LL).
Results
Descriptive Statistics
Prior to further analyses, the missing data patterns were analyzed. Overall missing rates were generally low, ranging from 0.6% to 2.6%. Little's MCAR test (Little & Rubin, 2002) indicated that the missing data occurred completely at random (all p's > .05), so that missing data could be computed using the expectation-maximization algorithm in SPSS for the subsequent analyses.
Descriptive statistics for the three HCTI full scales of Compliance, Aggression and Detachment, as well as the scale reliabilities, are depicted in Table 1 . All scales could be assumed as normally distributed given the guidelines of West, Finch, and Curran (1995) with values for Skewness of |S| ≤ 2 and values for Kurtosis of |K| ≤ 7. The three scale reliabilities ranged between α = .76 and α = .82, a finding which is consistent with the scale reliabilities for the normative sample (Coolidge, 1998) .
Intraclass Correlations
Inspection of the ratio of MZ and DZ ICC (see Table 1 ), in which MZ twin similarity exceeded DZ similarity for all measures, indicated the contribution of genetic influences on the HCTI scales. DZ correlations were greater than half the MZ correlations for the Aggression and Detachment scales, while DZ correlations were less than half the MZ correlation for the Compliance scale. ACE models were therefore fitted for Aggression and Detachment scales, whereas an ADE model was assumed for the Compliance scale. However, the pattern of the ICC correlation for the Aggression scale also implied the presence of shared environmental effects. 
Model-Fitting Analysis
To test for the assumptions of mean and variance homogeneity of the CTD, a fully saturated model was tested against a saturated model where means were equated within twin pairs and across zygosity for each of the HCTI scales. Subsequently, a model with additionally equated variances within pairs and across zygosity was tested. Akaike's information criterion (AIC; Akaike, 1987) was used to compare the fit of the models, whereby smaller AIC values indicate a better fit (Neale & Maes, 2004) . The model with equated means and variances was preferred according to the AIC for all three scales. Based on these results, the means and variances were equated between groups in the full genetic models. The fully saturated models provided the baseline for comparison of the genetic models for the three scales.
The results of the genetic model-fitting analyses are shown in Table 2 . For the Compliance and Detachment scales, 36% and 46% of the observed phenotypic variance was explained by additive genetic influences, whereas the remaining variance was due to nonshared environmental effects. Shared environmental influences were not detected. As already was suggested by the inspection of the ICCs, interindividual differences in the Aggression scale were completely explained by environmental influences (57% shared and 43% nonshared). However, for the Aggression scale, the full ADE model fitted the data worse than the baseline model which means that the genetic model (i.e., the explanation of phenotypic variance by genetic and environmental influences given the assumed relatedness in these components of MZs compared to DZs) was not the most appropriate model to explain interindividual differences in this neurotic trend. The results of the genetic SEM modeling for Aggression should therefore only be carefully interpreted as tendencies. However, this missing heritability could also have been the result of the limited power of the twin sample, although curiously there was sufficient power to detect additive genetic effects in the Compliance and Detachment scales. An initial estimate of the genetic and environmental influences on a specific trait can also be derived directly from the ICCs. If the genetic influence was calculated with the Falconer formula for heritability (Falconer & MacKay, 1996) , which is 2(r MZ -r DZ ), there would be an additive genetic effect of 22% for the Aggression scale.
Discussion
The goal of this study was to provide a test for two contrasting theoretical assumptions regarding the origins of Karen Horney's three neurotic trends. Based on explicit Horneyan theory, shared environmental influences would be expected as the major driving force of a manifestation of neurosis, whereas based on previous literature on the heritability of complex human traits, genetic as well as nonshared environmental influences would be expected as crucial for the explanation of phenotypic variance. To test these rival hypotheses, the genetic and environmental influences were examined on Karen Horney's three interpersonal neurotic trends in a young adult twin sample. Because this study is the first study to assess the heritability of her three trends, assumptions about the origins have been derived from behavioral genetic studies on theoretically related traits, namely personality disorders, coping styles, and the trait of neuroticism.
Consistent with previous empirical research, genetic influences were found for two of Horney's neurotic trends. Phenotypic variance in the compliance and detachment dimensions could be explained by additive genetic influences (36% and 46%, respectively), while the remaining variance was exclusively due to nonshared environmental influences. However, Horney's dimension of aggression did not show significant genetic influences: its phenotypic variance was explained by shared (57%) and nonshared (43%) environment. However, due Note: -2LL = −2 times Log-likelihood of data; df = degrees of freedom; AIC = Akaike's information criterion; A = additive genetic variance; C = shared environmental variance; D = nonadditive genetic variance; E = nonshared environmental variance; CI = Confidence Interval.
to the fact that the genetic model did fit the data worse than the saturated model and the assumed small genetic influences based on the ICCs, this result should be interpreted as preliminary. Nonetheless, the finding of environmental influences on aggression is consistent with studies on the heritability of antisocial personality disorder which is highly correlated with the Horney's aggressive neurotic trend , showing that antisocial behavior is heritable (32% additive, 9% nonadditive; see meta-analytic review by Rhee & Waldman, 2002 ) but appears to be substantially influenced by shared (16%) and nonshared environmental factors (43%) (Rhee & Waldman, 2002) . Additionally, genetic influences on antisocial behavior seem to be more important in socioeconomically more advantaged environments, whereas shared environment was higher in socioeconomically less advantaged environments (Tuvblad, Grann, & Lichtenstein, 2006) .
The question now arises as to what extent the results of the present investigation are in accordance with Horney's claims that cultural factors in early childhood experiences (i.e., influences that would be expected to be shared among family members) largely or exclusively shape her major three neurotic trends. At least for her dimensions of compliance and detachment, the results of the behavior genetic modeling favor a genetic and nonshared environmental basis of these trends which appears mostly contradictory to Horney's theoretical assumptions. At this point, it is essential to take two additional aspects into account before evaluating her theory. First, as already mentioned, it may tentatively be assumed that Horney's real self was at least, in part, genetically predisposed (e.g., Grigorenko, 2011; Paris, 1999) . Thus, the present results confirm a biological predisposition of an individuals' real self. Second, it is crucial to reconsider the meaning of the family environment as understood by Horney and to place this conceptualization into the broader context of behavioral genetic research.
Theories of socialization generally assume that the children's environments unfold within a family, which implicitly means a shared environment common to all members of a family (Plomin, 2011) . The same understanding of the effect of environment applies for Horney's theory because she places a special emphasis on the importance of early interpersonal relationships within the nuclear family. For example, Horney (1945) clearly noted that particular pathogenic conditions in the early family environment could play a prominent role in the development of neurotic trends, as she stated that these early pathogenic factors might include: "…direct or indirect domination [by the parent of the child], indifference, erratic behavior, lack of respect for the child's needs, lack of real guidance, disparaging attitudes, too much admiration or the absence of it, lack of reliable warmth, having to take sides in parental disagreements, too much or too little responsibility, overprotection, isolation from other children, injustice, discrimination, unkept promises, hostile atmosphere, and so on and so on" (p. 41). Horney also suspected that it was unlikely that there was only a single pathogenic factor in the development in her neurotic trends, as she wrote that it was much more likely to be a combination of pathological conditions. With respect to these assumptions of specific early environmental circumstances, it could be assumed that pathological conditions are common to all children growing up in the same family, and therefore, they should be reflected in shared environmental rather than nonshared environmental influences.
One of the more remarkable findings of many behavioral genetic studies is that the salient environmental influences are not shared by family members, which means that those influences are rather perceived individually, and they are reflected as nonshared environmental influences (e.g., Plomin, 2011) . The latter findings highlight the fact that individual perceptions of the environment can be an important source of non-shared experiences. A well-known example in this context is parenting style, which traditionally was assumed to be a shared factor for children growing up in the same family. However, it has been shown that while parents assume to treat their children equally, the children themselves perceive the parents' behavior in a fairly specific manner (sibling correlations of about r = .20; Reiss, Neiderhiser, Hetherington, & Plomin, 2000) . Another source of nonshared environmental variance lies in events shared by members of a family, such as divorce. For example, this shared event may be experienced differently by children in the same family, and thus would be reflected in a nonshared environmental influence (see Plomin, 2011) .
In light of these general findings from behavioral genetic studies, the present results are consistent with Horney's expectations, as it might be assumed that the pathogenic family conditions are not necessarily perceived equally from all siblings in such a family. Additionally, Plomin (2011) highlighted the fact that "non-shared environment is not about events but rather is about effects on phenotypes" (p. 584). It is therefore reasonable that some siblings are at higher risk for these negative influences due to their own unique genetic makeup (even for identical twins), and their own unique attitudes, perceptions, and psychological responses to the same family conditions. Further, the key to understanding the effects of parental pathogenetic behavior may be that it is largely a function of the child's perceptions.
Moreover, it has come to be accepted that genetic factors are likely to play a role in response to environmental conditions, which has been described as gene-environment interaction in the behavioral genetic literature (e.g., Livesley & Jang, 2008; Plomin et al., 2008) . With respect to personality disorders, Kendler, Gardner, and Prescott (2003) noted that individual differences in personality, which are partly due to genetic influences, affect the way in which individuals perceive and structure the world around them. These differences should result in different experiences and reactions to stressful life events, and could affect the quality of interpersonal relationships, which in turn "feed back" on the individual and influence their risk for mental disorders (Kendler, Gardner, & Prescott, 2003) . An example of such a gene-environment interaction has been provided by a study of antisocial behavior (Caspi et al., 2002) . Caspi and colleagues reported that only some children who were exposed to childhood maltreatment (specifically, erratic, coercive, and punitive parenting) develop antisocial behavior. They found that maltreated children with a genotype conferring high levels of the monoamine oxidase A (MAOA) gene were less likely to develop antisocial behavior (Caspi et al., 2002) . To investigate the effect of gene-environment correlations and interactions, future studies are needed that specify and measure specific environmental characteristics and/or specific genes (Purcell, 2002) .
Finally, caution is urged with respect to the interpretation of the substantial heritability estimates found for Horney's compliance and detachment dimensions as a high heritability does not imply immutability. Heritability is an estimate of the genetic influence on individual differences around a population mean (i.e., the population variance), rather than an estimate of the influences on the mean itself (Plomin et al., 2008) .
There are several limitations of the present study: First, the sample size is small for a twin study, limiting the statistical power to detect significant genetic and environmental influences. This effect was mirrored in the large confidence intervals depicted in Table 2 . As a consequence, the reported results should be interpreted as preliminary and studies with much larger samples are warranted. Further, the sample consisted predominantly of women (84%), so it is not clear whether these results are generalizable to men as well.
Additionally, the pattern of results in the present study were not identical for all three dimensions, as shared and nonshared environmental influences appeared to be of greater relevance for Horney's aggression dimension. This finding is not easily understood, as all three dimensions should theoretically, as previously noted, have similar behavioral genetic patterns as primarily reactions to parental indifference, at least according to Horney. It is, of course, possible that the unusual pattern for the aggression dimensions was a statistical artifact. The behavior genetic model showed a significantly worse fit compared to the saturated phenotypic model which could be caused either by the small sample size and/or a misleadingly high DZ resemblance. It might be that the high DZ correlation in this scale is specific for the present sample which mainly consisted of young female adults (all same sex twin pairs). Although no sex differences were found in the preliminary ANOVAs, the sample size and the small number of male twin pairs (14 out of 84 pairs) was too small to capitalize any quantitative and qualitative sex differences. It also seems possible that the lack of heritability in the aggression dimension was an artifact of the disproportionately female sample. Perhaps, aggressive traits as defined by Horney (1945) are differently and differentially expressed in young adult men and women. It is also possible that although all three dimensions scales were in adequate range of scale reliability (.76 to .82), variance due to unreliability is included in the E influence which could result in an overestimation of E effects and consequently in an underestimation of A and C effects. However, why this occurred for only the aggression dimension remains uncertain.
Finally, the nonsignificance of shared environmental and nonadditive genetic influences does not inevitably imply that those influences are not present. As noted previously, the results could be due to a lack of statistical power of the CTD. For example, even a sample of 50,000 twins and relatives was not sufficient to show an effect of shared environment for the trait of neuroticism (Lake, Eaves, Maes, Heath, & Martin, 2000) . Moreover, as noted by Keller, Coventry, Heath, and Martin (2005) , most studies using the CTD fail to detect nonadditive genetic effects. In contrast, Blonigen, Carlson, Krueger, and Patrick (2003) reported a significant genetic influence among psychopathic personality traits which were largely nonadditive in nature. Also, nonadditive genetic effects have been found for normal personality traits in extended behavioral genetic designs (e.g., twin-sibling studies, family studies, genetically sensitive multi-group designs) with large samples (e.g., Hahn, Spinath, Siedler, Wagner, Schupp, & Kandler, 2012; Keller, Coventry, Heath, & Martin, 2005) . Another important question that should be addressed in future studies is the development of neurotic trends throughout the lifespan, especially during the early years of childhood, to explore further the theoretically assumed development of neurotic trends. Here, genetically sensitive studies can be used to disentangle the causes of stability and change in these traits, and such studies could determine whether genetic influences are especially important to explain phenotypic variance in the early years (i.e., Horney's real self) and whether nonshared environmental factors arise in especially sensitive periods for the development of neuroses.
Conclusion
Despite these limitations, it has been shown that at least two of Horney's three core neurotic trends, compliance and detachment, are substantially additively genetically influenced. However, this is not meant to imply that family experiences are unimportant, but rather that the relevant experiences that shape an individual's personality phenotype may be highly specific to each child in the family. The demonstrated importance of nonshared environmental influences suggests that identifying those specific environments that could contribute to the shaping of Horney's concept of a neurosis, as well as their correlation and interaction with individual characteristics, would be helpful with regard to possible interventions. However, to confirm these initial results and in order to understand the complex relations between genes and the environment over time, as well as to detect shared environmental and nonadditive genetic influences, a larger and more diverse sample (i.e., more groups of genetic relatedness) will be needed.
